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Abstract—Members of international organizations often meet
in person at a common location for discussions. There is fre-
quently disagreement over the place and time of the meeting
due to the different travel efforts of the members. They usually
travel by plane and their travel expenses depend on the flight
connections. This paper presents an approach to calculate the op-
timized location and time, where and when distributed partners
should meet. The presented system considers the requirements
and specifications of each individual member. It respects earliest
starting time of an event and non night flights. The optimized
result is evaluated with regard to multiple objectives. We focus on
the minimization of costs and travel time. Our search algorithm
identifies individual travel data for all members for a potential
event. The output provides recommendations for the global best
appointments and offers further information for the partners.
Our system saves expenses and time for all members and allows
adjustment as well as compensation.
I. MOTIVATION
Cost pressures and time efficiency are main reasons to im-
prove or change existing procedures and solutions. In 2014, the
European Union spent 180 million Euro on the travel expenses
of its deputies in order to hold the monthly parliamentary
session in Strasbourg instead of Brussels [1]. Furthermore it
is hardly reasonable to accept travel times of more than the
double meeting time, especially if the meeting takes only a
few hours. Reasons for such circumstances are venues where
no time-saving travel connections exist. The main aspect of the
business traveller is the relationship between travel time, useful
time, and costs. So, they try to avoid additional overnight
stays. Nevertheless, it is sometimes unavoidable because of
unavailable travel connections or temporally impractical trips.
Consequently, an adequate planning is necessary to save
expenses and time. The aspiration is a practical application
to obtain a usable system for daily use. We present an
approach to organize meetings on an optimized place and at
a perfect time at a common location. Our system considers
the conveniences of the members and legal regulations. We
focus on results corresponding to global optimum to avoid
discussions between the participants of the meeting. It uses
public available information of airlines for flight connections
to calculate favourable venues. Our system is evaluated by
solving the typical scenario of the European Union Agency for
Network and Information Security (ENISA). We demonstrate
that a usage of our system leads to cost and time improvements
for such organizations and situations. Another use case for our
system is the application area of logistics. It also can be used
for the identification of consolidation depots including time
schedules for timely transportation of goods. This supports
a just in time delivery with reduced transportation costs and
leads to a higher quality of service for the customers [2].
The remainder of this paper is structured as follows. In
Section 2, we describe a typical scenario and requirements
for the problem. Section 3 briefly discusses related work in
the application area. The main part in Section 4 presents the
calculation system and particular specifications. Thereafter,
Section 5 shows some experiments and practical usage, before
Section 6 concludes this paper.
II. SCENARIO
Members of an organization in Europe has to meet regularly
for personal discussions at a common location. The events are
usually planned at a participants place, because of the local
organization. Nevertheless, this is not mandatory. The problem
is that the partners of the European Union (EU) institutions
are spread across all 28 member states in Europe. The scenario
is outlined in Figure 1.
Fig. 1. Scenario of the Problem with venue in Vienna [3]
The travel distances between the cities are long. Therefore,
the representatives travel mainly by plane due to shorter travel
ar
X
iv
:2
00
5.
08
63
3v
1 
 [p
hy
sic
s.s
oc
-p
h]
  7
 M
ay
 20
20
time as the costs are covered by their countries. Usually, a
business traveller intends to have a round trip [4]. The consid-
ered time window of the meeting is typically specified within
one or two weeks. The time point can be determined flexibly
within the work days. The length of the meetings usually
varies between half a day up to three days. Nevertheless, the
design of the planning system has to be flexible in all the
aforementioned mentioned aspects. Currently, a representative
proposes to organize the next meeting at his place, because the
member has a room and catering available. This start point of
planning does not lead to either a time or cost optimization for
the travelling participants and their organisations. Furthermore,
this probably results in long flight times, multiple transfers and
unnecessary overnight stays. However, a venue and time for
the event has to be previously defined.
For a pleasant meeting and organization, the following
requirements have to be considered by our planning system:
• Flexible specification of the planned meeting duration
• Maximum length of a session term on one day
• Earliest time of start and latest time of end of a meeting
• A meeting never starts e.g. on Saturday or Sunday
• Earliest travel time to the meeting on the starting day
• Latest time of arrival on a day before (overnight stay)
• Latest time of departure or latest time of arrival at
destination after a meeting (overnight stay)
For simplification, we assume that all participants travel
by plane. This reduces the initial amount of data sources for
calculation and demonstration. Other data sources of further
transportation systems and vendors like train or car can be
connected to the system in the same way. Nevertheless, the
approach is not specific for flight connections and works
also for a wider range of travel information. Therefore, the
structure of the processed data sources has to be designed
generic. The result has to include information about the
location of the meeting as well as starting time and end time.
Beside this, the system has to provide the flight data to and
from the venue individually for every participant. For an
enhanced version of the problem, the travel time and costs
of the individual participants should be compensated through
multiple meetings.
III. RELATED WORK
To the best of our knowledge and research, we realized that
only a few published solutions for this typical problem exists.
For short term meetings exists a solution [5], in which all
participants are not widely spread. Other current approaches
with distributed members focus only on one part of the
problem and thereby only on one criteria. Their focus is either
an optimized location selection based on distances [6] or time
fitting of multiple overlapping calendars [7].
The main application area is the navigation. It purpose is
to lead the user on the fastest track to the destination [8].
However, the destination is unclear at the beginning.
A simple solution of the location problem is the calcula-
tion of the center point from all locations [9]. Thereby the
participants meet in the center whereby they have a reduced
distance to travel. This is comparable with the k-center or
k-median problem with one center which can be solved by
clustering approaches [10]. Nevertheless, it does not consider
flight schedules.
Alternatively, the location and time can be defined alternat-
ing. This leads to an equal balance between the participants,
which is obviously not an optimized solution. Based on the
assumption that the largest airport offers the best flight con-
nections, the venue can be defined at this city. This supports
a reduced time overhead for all participants before or after a
meeting. But this approach also does not consider the problem
in detail.
Alternatively, many solutions suggest a web based confer-
ence by voice and video call. But this is not the same like
face-to-face meetings and for special meetings with security
clearance not possible.
IV. CONCEPT
Our proposed system is separated in multiple components,
which are dedicated for a specific task. The Figure 2 provides
an overview of the system components and the main process
steps. The system starts with a data collector unit to search
and query travel information. The raw data are converted
to a common and generic data format. Subsequently the
information is stored in a database fitting to a general data
format of travel and connection information. These data are
used by the calculation unit to identify a solution for the
meeting problem. It uses the specified input information from
a query form requested by the user. The solution is stored in a
separate table of the database with all flight connections of the
participants. In the following, each step is explained in detail.
Thereby the challenges are mentioned and adequate solutions
are presented.
Fig. 2. Overview about the calculation system
A. Collecting data
For every source, the data collector needs to be individ-
ually realized, because of the specific interfaces of the data
provider. So the system has multiple data collectors filling
the database with information. Airlines or public transport
provide their schedules via website, which can be usually
queried through an API. For this, often a token needs to
be generated to send authorized requests to the external
data provider. A controller handles all these authentication
credentials and manages the data collectors. Further sources
of travel information are given by PDF or search engines
and can be parsed or queried separately. These requested data
have different types of formats. For that reason, the raw data
are converted to a standardized format of XML. This file
format has a specific defined structure according to the generic
database and mandatory information. Missing information are
filled up with default values whereas wrong data are filtered
out. The data of the several data collectors are stored into
the database. Based on our scenario, we use flight schedules
mainly from Lufthansa (LH).
B. Database
All travel information from the common XML structure are
stored in a MySQL database. The data need to be queried
beforehand to speed up the calculation process. Furthermore,
this step logically decouples the necessary process steps and
allows an offline usage of the system. Some portals for travel
information have time-based query limits, which can be by-
passed with an own database. However, the stored information
in the database need to be updated regularly. Therefore an
updating component exists. To handle many requests, the
system uses an In-Memory database to avoid bottlenecks.
For every location and city, the database has a separate
table with the following entries:
• Departure location (Unique abbreviation)
• Time of departure (Local time)
• Destination location
• Time of arrival (Local time)
• Duration of transfer
(To overcome problems with different time zones)
• External reference code of the transfer
• External ID for booking
• Number of stopover
• Day of travel
(Encoded with 1 to 7 for Monday to Sunday)
• Cost
So far, we decided to forgo on the normalization of the
table structure to make the requests simpler and transparent.
To fill the database with mandatory information, the list
of locations form all meeting participants has to be known
beforehand. Depending on the list, the data collector queries
the information.
For the solution, two additional tables are created to store
the information of the calculation unit in the database. The
first table res member contains all data for every individual
participant and has the following entries:
• Location of the participant
• Possible venue (Manual or automatic detection [11])
• Sum of travel time for departure and arrival
• Number of stop over
• Sum of costs
The second table res meeting contains the overall result of
all participants at a specific venue. It contains the following
information:
• Location of the meeting
• Time of meeting start
• Time of meeting end
• Sum of travel time of all participants
• Travel time of the participant with the longest journey
• Sum of costs of all participants
C. Calculation Unit
Our focus for a solution is the global optimum to avoid
discussions between the members. So the calculation unit
has to use a complete search algorithm to determine the
location and time that is most suitable. Therefore, no heuristic
approaches or Linear Programming can be used to achieve
this mandatory solution quality. The system takes the input
information from the query form given to the user of the
planning system. This includes information about the required
length of the meeting in hours as well as further specification
listed in Section II for a pleasant trip. The algorithm identifies
a location and time which corresponds to the search criterion,
using the flight data stored in the database. It consider specific
requirements like the earliest start of the meeting.
Our strategic search is based on the time of the meeting.
It is the decisive element of this complex problem. So the
meeting is the starting point of the search. All further steps
are based on the planned starting time of the meeting. We
vary the meeting time from earliest possible to latest possible
to fulfill the search. As the time is a continuous search space,
we discretized it in time slices.
The complete search algorithm uses multiple nested loops.
First of all, the outer loop iterates over all possible days for
a meeting. The next inner loop iterates over the time on a
specific day. The time is sampled in ten minutes time slots to
reduce the search space. Nevertheless, it can flexible specified.
The considered time point defines the start of the planned
meeting. This information triggers the last nested loop about
the location. The algorithm iterates through all possible venues
for a specific time and calculates for every participant the
travel time and costs. The calculation of the individual travel
data is separated in five parts. These are the outward trip,
meeting time with additional overhead before and after the
meeting, and the return trip, see Equation 1.
tsum = tout + tbe f ore+ tmeeting+ ta f ter+ treturn (1)
The overall process of travel calculation is shown in Figure 3.
It presents the individual and particular steps for the outward
trip and the return trip. For each part of the journey, the
algorithm searches in the database the best suitable travel
connections considering the specified constraints. For the
outward trip, the algorithm moves backward from the starting
time and search for the first connection, which fulfills all
conditions. Accordingly, the algorithm moves forward form
the ending time of the meeting to identify a connection for
the return trip. The results are stored in the table res member
of the database. Subsequently, the algorithm summarize the
solution and stores the result in the table res meeting of the
database.
Fig. 3. Finding travel connection considering specified requirements
The ending time of the meeting is calculated depending
on the checked starting time and the specified duration.
Afterwards, two parallel processes are started, once for the
outwards trip and once for the return trip. For each one-way
trip a fitting travel connection is searched in the database.
As the data are stored in a database, the SQL query for
the travel information is defined in a specific way so that the
necessary result is returned. This avoids algorithmic search
in the return data of the database and speed up the process.
Even if it is a full search, the amount of calculation is small
enough to finish it in a few minutes depending on the amount
of different locations. Most time consuming part is the request
of external data sources. In this way, we obtain the global
optimum instead of another solution comparable to the current
situation presented in Section II.
D. Output
The last component of the system evaluate the calculated
solutions with respect to the specified criteria. There are two
main criteria, which are of practical relevance:
• Minimized sum of travel time or costs
• Minimized maximum travel time with reduced stop over
Therefore the results in table res meeting are compared
with each other. Our algorithm iterates over the table. For
same locations, the earlier one on this venue is used. The
best results are shown with the overall properties according
to the criteria. Multiple solutions at different locations are
presented to give the user of the system different choices.
Every meeting solution include the information for every
participant, i. e. which travel connection should be used.
Furthermore, the location as well as the starting and ending
time of the meeting is provided.
V. EXPERIMENTS
We made multiple experiments to demonstrate the function-
ality of our system. Especially the following three evaluations
show the improvement by using the system.
Experiment 1: First of all, the list of locations is reduced
to five cities for manual reproducibility: Amsterdam (AMS),
Athen (ATH), Brussels (BRU), Frankfurt (FRA), and Stock-
holm (ARN). In this example, the meeting is schedules for 6
hours in Frankfurt between 9:20 am and 4:20 pm. The Table I
and II show the individual travel information for the different
participants location.
TABLE I
OUTWARDS TRIPS FOR THE DIFFERENT MEMBER LOCATIONS
Place Day Time departure Time arrival Type
AMS Monday 07:20 am 08:25 am Airline LH
ARN Monday 06:45 am 09:00 pm Airline LH
ATH Monday 07:10 am 09:15 pm Airline LH
BRU Monday 07:05 am 08:05 pm Airline LH
TABLE II
RETURN TRIPS TO THE DIFFERENT MEMBER LOCATIONS
Place Day Time departure Time arrival Type
AMS Monday 04:30 pm 05:45 pm Airline LH
ARN Monday 05:30 pm 07:35 pm Airline LH
ATH Monday 06:00 pm 09:50 pm Airline LH
BRU Monday 04:25 pm 05:25 pm Airline LH
Experiment 2: According to our initial scenario in
Figure 1, we calculated for the venue for a 6 hour meeting. The
Table III show the bests results. The column sum represents
the overall time effort in minutes.
TABLE III
BEST RESULTS FOR A 6 HOURS MEETING OF THE PARTICIPANTS OF THE
EU ACCORDING TO THE SCENARIO IN SECTION II
Venue Sum Day start Time start Day end Time end
AMS 80,925 Monday 10:00 am Monday 4:00 pm
ARN 88,021 Monday 10:00 am Monday 4:00 pm
ATH 91,320 Monday 10:00 am Monday 4:00 pm
Experiment 3: To visualize the possible improvements
with our approach, we calculate the deviation of time effort
for different meeting times on a day. The Figure 4 shows the
sum of travel time for the location of Frankfurt for a meeting
of 6 hours. It presents the variation between 7 am and 12 pm
in 30 minutes steps. Especially at 9:30, only a few participants
need to arrive one day earlier and for others it is not necessary
to stay one day longer after the meeting. This leads to a
reduced overall timely effort. The impact of the starting time
of the meeting is so large that the average travel time for
the optimum is nearly the half in comparison to the worst case.
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Fig. 4. Influence of different starting times for a meeting at Frankfurt on the
travel duration
VI. CONCLUSIONS
The search for an appropriate meeting location and time
is a complex challenge. For practical usage, many side
conditions need to be respected. We presented the concept of
a customizable planning system for meetings at a common
location of distributed participants. The design of the approach
consists of separate components, which are extensible or
flexible replaceable. It calculates the optimal time to reduce
the travel effort and minimizes overhead time considering
multiple optimization criteria. Therefor, the vendor specific
data sources are transformed to a generic data format. As our
focus is on the global optimum, we developed a complete
search algorithm for the problem using database queries with
configurable time slices. The advantage of this approach is
flexible adaptability for extended versions of this meeting
problem. The realized system is a prototype, which will be
extend in the future with additional travel information and
side conditions. Furthermore, individual time overheads for
local transport will be added.
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